Abstract -TMSOTf-promoted glycosidation of 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-α-D-mannosyl diphenyl phosphate with a variety of acceptor alcohols in CH 2 Cl 2 at -30 °C in the presence of pulverized 4-Å molecular sieves (MS) afforded 2-azido-2-deoxy-β-mannosides in high yields and with good to high β-selectivities.
ing 2-azido-2-deoxymannosides in good yields with good β-selectivities: however, the operational inconvenience 8c -acceptor alcohols must be added after activation of the donor-as well as the formation of the leaving group-derived by-products seems to be less favorable from a practical standpoint.
As part of a program to extend the glycosidation method that capitalizes on phosphorus-containing leaving groups, 9,10 we have reported that TMSOTf-promoted reaction of 2,3-di-O-benzyl-4,6-O-benzylidene-D-mannosyl diethyl phosphite with a broad variety of acceptor alcohols in CH 2 Cl 2 at -45 °C offers a facile and high-yielding route to β-mannosides. 11 As an extension of the mannosylation reaction, we addressed the direct construction of 2-azido-2-deoxy-β-mannosidic linkages. In our previous mannosylation studies, the use of diethyl phosphite as a leaving group proved to be optimal in terms of reactivity and product yield. 11 However, the difficulty in preparation of 2-azido-2-deoxyglycosyl donors carrying a phosphite as a leaving group 9i,12 prompted us to investigate the reaction of 2-azido-3-O-benzyl-4,6-Obenzylidene-2-deoxy-D-mannosyl diphenyl phosphates.
The diphenyl phosphate was prepared starting with the known compound 1 13 (Scheme 1). Deacetylation of triacetate 1 with NaOMe in MeOH was followed by reprotection of the C4 and C6 hydroxyl groups as their benzylidene acetal and that of the C3 hydroxyl group as its benzyl ether to give 1-O-TBS glycoside 2 in 72% yield in three steps. After desilylation of 2 with Bu 4 NF in the presence of AcOH, the resultant hemiacetal was phosphorylated under Sabesan conditions 14 to give diphenyl phosphates 3 and 4 in 71% and 27% yields, respectively. With donors 3 and 4 in hand, we then explored TMSOTf-promoted glycosidation with 6-O-unprotected glucoside 5. Addition of 1.5 equiv of TMSOTf to a mixture of the donor (3 or 4) and 1.1 equiv of acceptor 5 in CH 2 Cl 2 afforded disaccharide 6, the α:β ratio of which was assayed by HPLC (Zorbax ® Sil column). 15, 16 An initial experiment revealed that the reaction of α-phosphate 3 proceeded to completion within 2.5 h at -30 °C, providing disaccharide 6 in 65% yield with good β-selectivity (α:β = 18:82) ( Table 1 , entry 1). Since the modest product yield was attributed to the partial hydrolysis of the benzylidene acetal under acidic conditions, we expected that the side reaction could be suppressed by an additive that buffers the Lewis acidity of TMSOTf. Gratifyingly, pulverized 4-Å MS 17 turned out to be suitable for this purpose, improving the chemical yield to 80% without affecting the β-selectivity (entry 2). It was anticipated that the same β-selectivity could be obtained by the use of β-phosphate 4 as a donor if the reaction proceeded through the intermediacy of the corresponding glycosyl triflate as demonstrated by
Crich and co-workers for their β-selective mannosylation method. 7c However, a slight erosion in β-selectivity (α:β = 18:82 → 24:76) was observed in the reaction of β-phosphate 4 with alcohol 5 (entry 3). This result suggests that the use of α-phosphate 3 is essential for obtaining higher β-selectivity, although the reason is not clear at present. With the optimal conditions identified, the scope of the reaction was explored ( Table 2 ). The glycosidation of α-phosphate 3 with less reactive 4-O-unprotected glucoside 7 proceeded to completion within 4 h under these conditions, leading to the preferential formation of β-disaccharide 12β, which corresponds to a constituent of the capsular polysaccharide of Streptococcus pneumoniae type 19F (entry 1). The best β-selectivity (α:β = 8:92) was achieved by the glycosidation of the 2-O-unprotected glucoside 8 (entry 2).
The galactose, mannose and L-rhamnose derivatives 9-11 could be uneventfully glycosylated under these conditions with good β-selectivities (entries 3-5). In conclusion, we have demonstrated that TMSOTf-promoted glycosidation of 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-α-D-mannosyl diphenyl phosphate (3) with a variety of acceptor alcohols in CH 2 Cl 2 at -30 °C in the presence of pulverized 4-Å MS exhibits good to high β-selectivities. High product yields can be achieved with approximately equimolar proportions of the donor 3 and acceptor alcohols, and of particular note is a simple reaction protocol that does not need the pre-activation of the donor. Further investigation into the mechanism of this glycosidation is currently underway, and results will be reported in due course. 
